Abstract. In this paper, we introduce the concept of (m, n)-ideals in a non-associative ordered structure, which is called an ordered Abel-Grassmann's groupoid, by generalizing the concept of (m, n)-ideals in an ordered semigroup [14] . We also study the (m, n)-regular class of an ordered AG-groupoid in terms of (m, n)-ideals.
Introduction
The concept of a left almost semigroup (LA-semigroup) was first given by Kazim and Naseeruddin in 1972 [3] . In [2] , the same structure is called a left invertive groupoid. Protić and Stevanović called it an AbelGrassmann's groupoid (AG-groupoid) [13] .
An AG-groupoid is a groupoid S satisfying the left invertive law (ab)c = (cb)a for all a, b, c ∈ S. This left invertive law has been obtained by introducing braces on the left of ternary commutative law abc = cba. An AG-groupoid satisfies the medial law (ab)(cd) = (ac)(bd) for all a, b, c, d ∈ S. Since AG-groupoids satisfy medial law, they belong to the class of entropic groupoids which are also called abelian quasigroups [15] . If an AG-groupoid S contains a left identity (unitary AG-groupoid), then it satisfies the paramedial law (ab)(cd) = (dc)(ba) and the identity a(bc) = b(ac) for all a, b, c, d ∈ S [6] .
Equivalently, (SA] ⊆ A (resp. (AS] ⊆ A). If A is both a left and a right ideal of S, then A is called a two-sided ideal or an ideal of S.
A nonempty subset A of an ordered AG-groupoid (S, ·, ≤) is called an AG-subgroupoid of S if xy ∈ A for all x, y ∈ A.
It is clear to see that every left and and right ideals of an ordered AG-groupoid is an AG-subgroupoid.
Let (S, ·, ≤) be an ordered AG-groupoid and let A and B be nonempty subsets of S, then the following was proved in [16] :
The concept of (m, n)-ideals in ordered semigroups were given by J. Sanborisoot and T. Changphas in [14] which was obtained by generalizing the idea of (m, n)-ideals in semigroup [5] . It's natural to ask whether the concept of (m, n)-ideals in ordered AG-groupoids is valid or not? The aim of this paper is to deal with (m, n)-ideals in ordered AG-groupoids. We introduce the concept of (m, n)-ideals in ordered AG-groupoids as follows: Definition 1.3. Let (S, ·, ≤) be an ordered AG-groupoid and let m, n be non-negative integers. An AG-subgroupoid A of S is called an (m, n)-ideal of S if the followings hold:
Note that the powers of an ordered AG-groupoid (S, ·, ≤) are noncommutative and non associative, that is aa · a = a · aa and (aa · a)a = a(aa·a) for all a ∈ S. But a unitary ordered AG-groupoid has associative powers, that is (aa · a)a = a(aa · a) for all a ∈ S.
Assume that (S, ·, ≤) is a unitary ordered AG-groupoid. Let us define a m+1 = a m a and a m = ((((aa)a)a)...a)a = a m−1 a = aa m−1 for all a ∈ S where m ≥ 4. Also, we can show by induction, (ab) m = a m b m and a m a n = a m+n hold for all a, b ∈ S and m, n ≥ 4. Throughout this paper, we will use m, n ≥ 4. Proof. Let R and L be the right and the left ideals of S respectively, then
This shows that (RL] is an (m, n)-ideal of S.
Definition 2.4. An (m, n)-ideal M of an ordered AG-groupoid (S, ·, ≤ ) with zero is said to be nilpotent if M l = {0} for some positive integer l. 
Thus M = (RL], which means that (RL] is a 0-minimal (m, n)-ideal of S.
Note that if (S, ·, ≤) is a unitary ordered AG-groupoid and M ⊆ S, then it is easy to see that ( 
Theorem 2.8. Let (S, ·, ≤) be a unitary ordered AG-groupoid. Assume that A is an (m, n)-ideal of S and B is an (m, n)-ideal of A such that B is idempotent. Then B is an (m, n)-ideal of S.
Proof. It is trivial that B is an
which shows that B is an (m, n)-ideal of S.
Lemma 2.9. Let (S, ·, ≤) be a unitary ordered AG-groupoid. Then a (m,n) = (a m S · a n ] is an (m, n)-ideal of S.
Proof. Assume that S is a unitary AG-groupoid. It is easy to see that
Theorem 2.10. Let (S, ·, ≤) be a unitary ordered AG-groupoid and a (m,n) be an (m, n)-ideal of S. Then the following statements hold:
Proof. (i) As a (1,0) = (aS], we have
Analogously, we can prove (ii) and (iii) as well.
Corollary 2.11. Let (S, ·, ≤) be a unitary ordered AG-groupoid and let a (m,n) be an (m, n)-ideal of S. Then the following statements hold:
(ii) (S( a (0,1) ) n ] = (a n S]; (iii) (( a (1,0) 
Definition 3.1. Let m, n be non-negative integers and (S, ·, ≤) be an ordered AG-groupoid. We say that S is (m, n)-regular if for every element a ∈ S there exists some x ∈ S such that a ≤ a m x · a n . Note that a 0 is defined as an operator element such that a m x · a 0 = a m x = x if m = 0, and a 0 x · a n = xa n = x if n = 0.
Let L (0,n) , R (m,0) and A (m,n) denote the sets of (0, n)-ideals, (m, 0)-ideals and (m, n)-ideals of an ordered AG-groupoid (S, ·, ≤) respectively. (ii) Let S be (2, 0)-regular and R be (2, 0)-ideal of S, then it is easy to see that R = (R 2 S]. Now for a ∈ S there exists x ∈ S such that a ≤ a 2 x. Let a 2 ∈ R, then a ≤ a 2 x ∈ RS = (R which implies that S is (2, 0)-regular. Analogously, we can prove (iii).
Conclusions
All the results of this paper can be obtain for an AG-groupoid without order which will give us the extension of the carried out in [1] on (m, n)-ideals in an AG-groupoid. Also the results of this paper can be trivially followed for a locally associative ordered AG-groupoid which will generalize and extend the concept of a locally associative AG-groupoid [7] .
